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Total phosphorus (TP)Abstract Excessive phosphorus can cause eutrophication in water bodies and needs to be reduced
in most wastewaters before discharge to receiving waters. The enhanced biological phosphorus
removal (EBPR) process has been shown to be an economical and environmentally compatible
method for reducing phosphorus from wastewaters. The experiment has been performed in order
to investigate the effect of using effective microorganisms (EM) as an application of Enhanced Bio-
logical Phosphorous Removal (EBPR) in modiﬁed contact stabilization activated sludge system by
using contact tank as a phosphorus uptake zone and using thickener tank as a phosphorus release
zone. The study involved the construction of a pilot plant which was setup in the Quhafa Wastewa-
ter Treatment Plant (WWTP), Al Fayoum, Egypt. Then the uptake and release of total phosphorus
were determined through two batch tests using sludge samples from thickener and stabilization
tanks. Results showed the removal efﬁciencies of Chemical Oxygen Demand (COD), Biological
Oxygen Demand (BOD5) and total phosphorus (TP) of this pilot plant were 93%, 93% and
90%, respectively. On the other hand the results of batch tests showed that the reason for high abil-
ity of phosphorus removal by this pilot plant is related to the high performance of microorganisms
for phosphorus accumulation. Finally providing activated EM to the anaerobic zone was to
improve fermentation by achieving the enhancement of the performance of phosphorus accumulat-
ing organisms (PAOs) and then increase phosphorous release resulting in the decrease of the aver-
age efﬂuent phosphorus concentration.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Housing and Building National Research
Center.Introduction
Biological phosphorus removal (BPR) is a microbiological pro-
cess, in which speciﬁc organisms are able to decrease the
amount of phosphorus in the activated sludge system more
than it is required for the growth of the organisms. Various
process conﬁgurations were created in the 1960s and 1970s in
the US and South Africa, such as PhoStrip and A/O [1]. Several
biochemical models have been developed to explain the
mechanisms of enhanced biological phosphorus removal
The effect of effective microorganisms (EM) on EBPR 385(EBPR) processes using activated sludge. Even though the most
widely accepted current models [2–4] agree on the aerobic
EBPR metabolic pathways, some differences exist when the
anaerobic EBPR processes are considered. The differences are
mainly related to the means of producing reducing power for
poly-b-hydroxyalkanoates (PHAs) synthesis. It is apparent that
EBPR biochemistry is complex and no exact model exists yet,
but despite this complexity, wastewater treatment plants can
achieve phosphorus removal as long as wastewater containing
organic substrate in the form of short-chain volatile fatty acids
(SCVFAs) is introduced to the anaerobic zone of the treatment
plant, and the mixed liquor is alternated between anaerobic and
aerobic conditions. It is known that the best EBPR perfor-
mance is obtained when inﬂuent containing volatile fatty acids
(VFAs) is initially introduced into a strictly anaerobic zone.
Hence, an oxygen and/or oxidized nitrogen free environment
is a major prerequisite for a successful EBPR process [5,6]. In
addition, complete VFA (e.g. acetate) uptake in the anaerobic
stage is a key parameter affecting the EBPR performance [7,8].
It was found that acetate is the best substrate among other
short chain fatty acids such as butyrate, valerate, their isoforms
and propionate in terms of yielding the highest phosphorus
removal per unit COD of VFA. However, even when the nutri-
tional prerequisites are strictly provided, the success of the
EBPR process also strongly depends on other factors such as
pH and temperature. Additionally, wastewater and operating
conditions such as the inﬂuent COD/TP ratio, the amount of
electron acceptor entering the anaerobic stage, and the biomass
solid retention time (SRT) can inﬂuence the efﬁciency of EBPR.
The solid retention time (SRT) is a uniﬁed design parameter
that is related to the steady state speciﬁc growth rate of the bio-
mass in a bioreactor system. It determines electron acceptor
requirement and the excess biomass production rate [9].
The technology of effective microorganisms (commonly
termed EM Technology) was developed in the 1970s at the
University of the Ryukyus, Okinawa, Japan. The inception
of the technology was based on blending a multitude of
microbes, and was subsequently reﬁned to include principal
types of organisms commonly found in all ecosystems. These
were blended in a molasses or sugar medium and maintained
at a low pH under ambient conditions [10].
Effective microorganisms are a mixture of groups of organ-
isms that have a reviving action on humans, animals, and the
natural environment [11]. It has also been described as a multi-
culture of coexisting anaerobic and aerobic beneﬁcial microor-
ganisms. The main species involved in EM are: lactic acid bac-
teria, photosynthetic bacteria, yeasts, actinomycetes and
fermenting fungi [12].
The use of EM to treat wastewater in essence simulates the
role of biological treatment. It makes use of bacteria and other
microorganisms to remove pollutants and impurities from
water by digesting them; thereby getting rid of impurities in
the water [13]. The bacteria consume and digest the organic
material present in the wastewater and through their metabo-
lism, the organic material is changed into cellular mass which
is no longer in solution, but is settled at the bottom of a settling
tank or container [14].
The main objective of this research was to use EM to
improve biological phosphorus removal to achieve the
enhancement of the performance of PAOs for the modiﬁed
contact stabilization activated sludge system.Materials and methods
Philosophy of investigation
The idea of this investigation was applied through setting
up a pilot plant in the Quhafa WWTP depending on using
a contact-stabilization activated sludge technique for
enhancement of biological phosphorus removal in domestic
wastewater treatment by some main amendments. This idea
is suitable for regional conditions because activated sludge
is the most common traditional system for domestic waste-
water treatment plants so the use of this application to
solve phosphorus contamination removal problems is more
facile than other traditional methods in EBPR especially in
Egypt.
Generally the philosophy of this investigation can be con-
cluded in the following main points:-
1- The use of biological phosphorus removal (BPR) by
setup aerobic zone before anaerobic zone that depend
on making phosphorous uptake at the ﬁrst step through
contact tank by absorption of phosphate as a poly-p
form, then making biodegradation by another aeration
for return sludge (From ﬁnal sedimentation zone) in sta-
bilization tank.
2- The second step in the thickener tank through anaerobic
zone the phosphorous release will occur to make a
highly concentrated phosphorus wastewater in the
supernatant zone.
3- Providing activated EM to anaerobic zone was to
improve fermentation and then increase phosphorous
release resulting in the decrease of the efﬂuent phospho-
rus concentration.
4- This highly concentrated phosphorus solution in the
supernatant zone will be ready to start post treatment
step or be disposed.
5- Sludge in thickener will be very voracious to improve
uptake in contact tank through sludge return.Regional conditions
The climate in this region is deﬁned as subtropical with an
average temperature of 15 C in winter and 35 C in
summer. The wastewater at the Quhafa WWTP is mainly
domestic in addition to some industrial activities. Table 1
shows physical and chemical characteristics of raw waste
water in Quhafa WWTP over the entire experimental
period.
Model description
The raw wastewater will be collected from the channel con-
necting grit removal chamber and aeration tank distribution
chamber in the Quhafa WWTP by using a submersible pump
(2 HP) connected directly to Polyethylene tank with a volume
of 1000 l located at high level to feed the model with raw
wastewater, and two small pumps connected directly to the
model for each return sludge pipe.
As shown in Fig. 1 the model arrangement consisted of the
following:
Table 1 The physical and chemical characteristics of raw waste water in Quhafa WWTP.
Parameter Unit Min. Max. Average
Temperature C 16 32 24
pH-value – 6.7 7.8 7.2
Total phosphorus (TP) mg/l 2.2 4.1 3.2
Chemical Oxygen Demand (COD) mg/l 260 960 500
Biological Oxygen Demand (BOD5) mg/l 160 550 300
Calcium concentration (Ca)++ mg/l 46 63 54.5
Magnesium concentration (Mg)++ mg/l 30 48 35.9
Total solids (TS) mg/l 850 1200 1090
Total dissolved solids (TDS) mg/l 700 1200 904
Ammonia concentration (NH3) mg/l 21 32 27
386 E.M. Rashed, M. Massoud– WWT: a vertical polyethylene cylindrical tank with a vol-
ume of 1000 l located at high level to feed the model with
raw wastewater.
A. Contact tank
B. Final sedimentation tank
C. Stabilization tank
D. Thickener tank P1: F.S.T sludge pump (pumped to sta-
bilization tank) P2: Thickener sludge pump (returned to
contact tank)
– Piping system:
(1) Main inﬂuent pipe of diameter 1 inch with a main con-
trol ball valve.
(2) Delivery pipe of diameter 1 inch with a main control ball
valve from the contact tank to the ﬁnal sedimentation
tank.
(3) Efﬂuent pipe from ﬁnal sedimentation tank.
(4) Delivery pipe of diameter 1 inch for return sludge from
the ﬁnal sedimentation tank to stabilization tank.
(5) Delivery pipe of diameter 1 inch with a main control ball
valve from the stabilization tank to the thickener tank.
(6) Drain pipe of diameter 1 inch from supernatant zone in
thickener.
(7) Delivery pipe of diameter 1 inch for return sludge from
thickener tank to contact tank.
(8) Waste sludge pipe of diameter 1 inch from the sludge
zone in F.S.T.
The reactor had a total volume of water line 1.44 m3 and
overall retention time 4.3 h (contact tank and F.S.T) and8
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Fig. 1 Pilot plant schematic diagram.sludge line total volume 2.9 m3 with an overall retention time
of 24 h (stabilization tank and sludge thickener). The actual
retention times of the different tanks (including recycle
streams) are shown in Table 2.
Experimental methodology
The investigated system is an alternating unique BPR pilot
plant that includes cyclic changes of ﬂow and aeration in order
to satisfy all requirements. The pilot plant is installed after the
grit removal chambers. It is planned to work continuously 24 h
a day under the realistic conditions of operation, such as sun-
light and ﬂuctuation in ﬂow capacity and characteristics. It
should be noted that raw sewage was always fed to the system
without the application of any pretreatment facility e.g. set-
tling or temperature/pH adjustment. The measured parameters
during experiment time were BOD5, COD, TP and VFA and
samples were collected two times each week from inﬂuent
wastewater, efﬂuent treated water, thickener tank supernatant
and contact tank.
EM is available in a dormant state and requires activation
before application. Activation involves the addition with the
ratio of ingredients: EM:molasses:water = 5%:5%:90%;
1 week prior to application.
The whole experiment executed in this study was divided
into studying the effect of EM addition to modiﬁed contact
stabilization activated sludge with amendment as one of EBPR
applications on the behavior of microorganisms in aerobic and
anaerobic zones by measurement of phosphorus concentration
in bulk liquid for these zones and observing the uptake and
release of total phosphorus by achievement of a two batch test
one of these was implemented for a sludge sample from thick-
ener tank under aerobic condition and another test from sta-
bilization tank under anaerobic condition.
The aim of this procedure was to determine the residual
phosphorus in bulk liquid as a main indicator for phosphorus
accumulative organisms’ (PAOs) activity in mixed liquor, the
performance of PAO was regularly monitored by measuring
TP for 60 min.
Results and discussion
This experiment was started in 23/09/2013 and terminated in
20/11/2013. During the period wastewater TP concentration
was about 3 mg/l, the system was operated continuously for
about 60 days using a constant EM addition before thickener
tank with average rate around 1: 10,000.
Table 2 Dimensions of model tanks.
Dimension Unit Tank
Contact (A) Final sedimentation (B) Stabilization (aerobic) (C) Thickener (anaerobic) (D)
Values
Flow rate l/min – 5.6 – 2.0
Raw sewage ﬂow l/min 4.1 – – –
Return sludge ﬂow l/min 1.5 – 2.0 –
Return sludge ratio % 35 – – –
Approximate MLSS mg/L 3200 – – –
Length cm 110 – 115 –
Diameter cm – 100 – 150
Width cm 80 – 100 –
Depth cm 75 100 100 100
Volume l 660 785 1150 1765
H.R.T. min 120 140 575 880
S.L.R. – 0.42 – 0.05
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The evaluation of overall system performance can be achieved
through the observation of concentrations of some main vari-
ables such as TP, organic matter (COD, BOD5) and pH in
inﬂuent wastewater and efﬂuent from F.S.T. To study the
effect of EM addition on system removal efﬁciency, a compar-
ison was carried out between this experiment conducted using
EM addition to thickener for the inﬂuent raw wastewater and
the experiment conducted at approximately the same time the
previous year 2013 for the same inﬂuent raw wastewater with-
out any additions.
Organic matter removal efﬁciency
In Figs. 2 and 3 it can be seen that during the ﬁrst 3 weeks of
operation, both BOD5 and COD removal efﬁciencies were low
and ﬂuctuated. However, after the startup period of EMCOD Removal 
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Fig. 2 COD remaddition the performance of the system started to improve.
In general; high and stable, BOD5 and COD removal efﬁcien-
cies were achieved.
After the startup period, it can be seen that the COD and
BOD5 removal efﬁciencies were in the above mentioned range
with a small variation, which ﬂuctuated increasingly up to
95% and decreasingly till 90% with an average of about
93% for both.
Total phosphorus removal efﬁciency
Fig. 4 shows that, during the startup period the removal
efﬁciency of TP was unsteady, the performance of system
started decreasing and started to stop during this period at
duration time from 20 October 2013 to 20 November 2013.
By observing and scrutinizing this phenomenon it has
been shown that the performance of the system started to
improve gradually with time after EM addition. Theoretically28
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Fig. 3 BOD5 removal efﬁciency.
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Fig. 4 TP removal efﬁciency.
388 E.M. Rashed, M. Massoudconventional completely aerobic activated sludge process
removes phosphorus from sludge with the efﬁciency of about
15–25% without enhancing biological phosphorus removal,
during our investigation the average TP removal ratio for
inﬂuent and efﬂuent system was about 90%. It can be seen that
the TP removal efﬁciency was in the above mentioned range
with a small toleration, which variably increased up to 94%
and decreased to 85%.
By comparing the removal efﬁciencies of this experiment
with EM addition that have an average of 90% to the one
without EM that achieved 85% on average, it was concluded
that the removal efﬁciencies were improved for EM additionas the activated microorganisms added to the system increased
the uptake and release and then improved the removal
efﬁciencies.Contact tank performance
In Fig. 5 it is noticed that at the EM start up period, there was
a slight increase in the TP concentration at FST efﬂuent com-
pared with the TP concentration inside the contact tank and
this increase is a result of secondary Phosphorus release by
bacteria at the bottom of FST as return sludge pump was
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Fig. 5 TP inside contact tank and efﬂuent TP.
The effect of effective microorganisms (EM) on EBPR 389working on intermittent basis and for both mainstream and
side stream processes.
Thickener tank performance
Biological phosphorus removal can occur in the activated
sludge process if aerobic phosphorus accumulating organisms
(PAOs) are present in the system. The stimulation of the
growth of organisms can be achieved if anaerobic and aerobic
conditions alternate in turns, and volatile fatty acids (VFAs)
are added or formed in the anaerobic condition by the fer-
menting bacteria.
As shown in Fig. 6, the values of TP concentrations in
thickener tank bulk liquid considered the residual phosphorusTP in supernatant 
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Fig. 6 TP release efﬁcafter release operation under anaerobic conditions from inter-
nal cells of microorganisms. It can be seen that during opera-
tion TP concentration was ﬂuctuated. However, after startup
the performance of phosphorus release in the system started
to improve. Generally bulk liquid TP concentrations increas-
ing with high stability were achieved.
The organic matter concentrations in the supernatant zone
(above anaerobic zone in thickener) were monitored to evalu-
ate the behavior of microorganisms under the anaerobic zone
and study the effectiveness of phosphorus release operation
from microorganism cells on consumption rate of carbon
source from bulk liquid for biodegradation of phosphorus
inside cells to achieve the releasing operation of phosphorus
as an orthophosphate into bulk liquid.28
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Fig. 7 Supernatant COD and BOD5.
390 E.M. Rashed, M. MassoudAs shown in Fig. 7 at thickener tank it can be seen that
there was a high decrease in both COD and BOD5 concentra-
tions through the anaerobic zone, after start up period of EM
additions and the performance of the system started to
improve. The average values were 21 and 11 mg/l for COD
and BOD, respectively.
By comparing the average values of COD and BOD5 of this
experiment with EM addition and the average values of with-
out EM addition which were 28 and 15 for COD and BOD,
respectively, it was found that EM decreased both COD and
BOD5 concentrations in supernatant due to the activation of
microorganisms that were added to the system which Influent & Supernatant V
in Thickener
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Fig. 8 Thickener inﬂuentconsumed carbon source from bulk liquid. COD uptake in
the anaerobic zone is usually due to PHA storage by polyphos-
phate accumulating organisms (PAOs) or glycogen accumulat-
ing organisms (GAOs).
As shown in Fig. 8 the average volatile fatty acid value
(VFA) before anaerobic tank (thickener) during 1st stage
was 164 mg/l with maximum and minimum values of 184
and 146 mg/l, respectively while the average VFA in thickener
supernatant at the same stage was 0.07 mg/l with maximum
and minimum values of 0.12 and 0.02 mg/l, respectively.
The process is more stable when the volatile fatty acid
(VFA) concentrations approach a minimal level, which canFA
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The effect of effective microorganisms (EM) on EBPR 391be taken as an indication that a sufﬁcient methanogenic popu-
lation exists and sufﬁcient time is available to minimize hydro-
gen and VFA concentrations.
Performance of phosphorus accumulating organisms (PAOs)
Biological phosphorus removal can occur in the activated
sludge process if aerobic phosphorus accumulating organisms
(PAOs) are present in the system. The stimulation of the
growth of organisms can be achieved if anaerobic and aerobic
conditions alternate in turns, and volatile fatty acids (VFAs)
are added or formed in the anaerobic condition by the fer-
menting bacteria [15].
As shown in Fig. 9 the batch test under aerobic condition
was carried out by using a sludge sample from thickener
tank and dosing synthetic phosphorus was added at 30 mg/lResidual TP in SBR from release 
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Fig. 10 Residual TP in BR from reconcentration using NaH2PO4H2O at a duration time of
60 min. The TP concentration in bulk liquid was 25 mg/l at
the start of the test, and then the TP value started to decrease
gradually to become 1.88 mg/l at the end.
This batch test determined the main indicator for the
behavior of microorganisms under aerobic condition in the sys-
tem. According to these values microorganisms in the sludge
sample were more voracious than the normal for the uptake
of phosphorus because these microorganisms release large
amounts of phosphorus in the anaerobic zone in the system,
its ability accumulate phosphorus inside cells becomes more
than traditional, therefore we can conclude that the perfor-
mance of uptake operation in case of EM addition was more
active in the aerobic zone.
Under anaerobic conditions, the PAOs use VFAs as a
substrate, and transform it into poly-b-hydroxyalkanoates0 40 50 60
e (min)
Residual TP in SBR from release
operation (anaerobic zone)
Linear (Residual TP in SBR from
release operation (anaerobic zone))
lease operation (anaerobic zone).
392 E.M. Rashed, M. Massoud(PHAs) containing carbon .The required energy for forming
the PHAs comes from the degradation of polyphosphate
releasing phosphorus into the liquid. In brief, the purpose of
the anaerobic zone is to stimulate the heterotrophic organisms
to transform fermentable COD into VFAs, and make possible
the storing of PHA by PAOs. The amount of VFAs can be
increased by adding acetate or fermentable wastes to the
anaerobic tank [15].
As shown in Fig. 10 the batch test under anaerobic condi-
tion was carried out by using a sludge sample from stabiliza-
tion tank without any external additions of acetate source at
a duration time of 60 min. The TP concentration in bulk liquid
was above 0.40 mg/l at the start of the test, and then the TP
value started to increase gradually to become 0.90 mg/l at
the end of test.
This batch test determined the main indicator for the
behavior of microorganisms under anaerobic condition in
the system. According to these values, microorganisms in sam-
ple have a high performance for phosphorus release from their
side cells, so we can conclude that the performance of release
operation was more active in the anaerobic zone with EM
addition.
Conclusion
1- Using effective microorganisms (EM) activated with
molasses in contact stabilization activated sludge tech-
nology proved to be successful as an enhanced biological
phosphorus removal (EBPR).
2- Using (EM) in anaerobic zone to improve phosphorus
release before aerobic zone and achieve high biological
phosphorus uptake was successful in this system.
3- Returning of sludge from thickener after release opera-
tion by using EM addition makes a change in the micro-
organism behavior and it becomes more voracious to
phosphorus uptake.
4- The removal efﬁciency of TP was 90% at the pilot plant
conditions.
5- The removal efﬁciency of COD and BOD5 was in the
range of 93% for both at the pilot plant conditions.
6- The system is more stable when the volatile fatty acid
(VFA) concentrations approach a minimal level at
supernatant.
7- According to batch test the achieved system using EM
was very effective to uptake phosphorus internal micro-
organism cells under high concentration of phosphorus
(30 mg/l).
8- According to batch test the performance of phosphorus
release using EM was very successful.
9- Overall, addition of EM to anaerobic zone improved the
‘quality’ of the waste water.Conﬂict of interest
None declared.
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